retained during egg cylinder, early, and late headfold stages ( Figures 1A and 1B In addition, alterations of cardiac position were detion to malformations described previously [12], hotected in mutant embryos. In wild-type embryos, the mozygous mutant embryos showed right pulmonary apex of the heart points toward the left (levocardia). This isomerism, randomization of embryonic turning, heart was found in all heterozygous and in about one third looping, and abdominal situs. Leftb and nodal were of homozygous mutant embryos (Table 1, Figure 2A) . not expressed in the left lateral plate mesoderm (LPM), Dextrocardia (inversion of heart situs) was observed in and Ebaf was absent from floorplate. Pitx2 was bilateranother third ( Figure 2C) , and in the remaining embryos ally expressed in posterior LPM but absent anteriorly.
Pkd2 therefore seems to act downstream or in parallel gous Pkd2 mutants ( Figure 2F and Table 1). to shh in the pathway of L-R axis formation.
Normal Midline Development in Pkd2

Mutant Embryos
Altered Gene Expression of L-R Pathway Genes Phenotypic alterations of laterality reminiscent of those Midline defects frequently cause laterality disturbances in vertebrates [15, 16] . Upregulation of Pkd2 in the notodescribed above for homozygous mutant Pkd2 embryos have previously been reported in knockout mouse muchord and floorplate indicated a role for Pkd2 in midline tants affecting nodal pathway-related genes [15] . ConPitx2 was absent from the LPM but expressed normally in the head, and three embryos (14%) showed normal sequently, we analyzed the expression of the asymmetric marker genes nodal, Ebaf, Leftb, and Pitx2 expression of Pitx2 (data not shown). This marker gene analysis demonstrates that Pkd2 is required for the (summarized in Table 1 Figures 4B-4D) . In four cases (19%), lung buds ( Figure 4F) . Thus, as in all other cases known, 
